Salmonella typhimurium is the most common serotype both in man and in animals, while S. dublin affects calves, S. cholerae-suis pigs, S. pullorum and gallinarum poultry, inflicting heavy losses in several parts of the world. 
The transmission cycle commences in animals which

Harmonization of laboratory methods is essential for obtaining infor mation on the real incidence of the disease in man and animals and for understanding its epidemiology. A scientific working group of the Euro pean Community has developed a standardized method for detecting Sal monella in meat and meat products, which has been adopted by the Inter national Standardization Organization (ISO).
Food-borne disease caused by Salmonella has been a significant public health problem in recent decades (Table I) . A great amount of studies and publica tions deals with the prevalence of Salmonella in animals, food, man and the environment.
The major part of research on salmonellosis, however, has not progressed beyond classification or inventories of reference collections of the organism. An enormous number of publications is available about Salmonella in all kinds of animals from the water flea to the elephant. Moreover, work has been car ried out with regard to isolation procedures, biochemical and serological typing and phage determination. In this field international cooperation has progres sed and has led to harmonized methodology. As far as epidemiological eva luation is concerned much lesser results have been obtained and this is even more true for valid proposals for salmonellosis control.
Efforts have been made in several countries to reduce Salmonella contamina tions and hence salmonellosis in man, but no significant effects have so far become apparent.
In view of this situation the following questions should be put forward: Why have we failed to control salmonellosis in man in the last 25-30 years? What should be done in future to improve the situation? This paper tries, as far as possible, to answer these questions.
INTRODUCTION
I. -EPIDEMIOLOGY
Salmonellosis is today the most important food-borne disease in nearly all parts of the world. Where this is not the case, salmonellosis is either over shadowed by much more serious gastro-intestinal infections, such as typhoid fever, dysentery or cholera or is in its mild form with the main symptom of diarrhea, a periodical episode of daily life.
Moreover, there is a great amount of "under-reporting", even in countries with a well-developed infrastructure regarding epidemiological services and labo ratory facilities. There are good reasons to believe, that even in such countries only 1-5% of the real incidence is registered. In the U.S.A. for instance approx. 20,000 cases of human salmonellosis are registered annually, while the real inci dence is estimated to be about 2 million.
In many countries salmonellosis has shown a dramatical increase during the last 30 years (Figures 1 and 2 ). It seems that this increase has come to a stop and that the numbers of incidence remain on a ligh level. S. typhimurium is the commonest serotype infecting man and animals, while other serotypes, such as S. agona, S. panama and S. hadar are suddenly emerging as causative agent of human disease, but may also loose again their significance (Figure 3 Important measures have been taken, i.e. S. pullorum-gallinarum eradica tion programmes, to try to eliminate Salmonella that cause animal disease. Diseased animals which either die or recover are only of minor importance as far as public health is concerned. The clinical healthy carrier, which cannot be recognized by our present ante-and post-mortem inspection, is in this res pect our paramount problem.
Meat and meat products, poultry, egg-products and in regions where milkpasteurization is not commonly applied, milk and milk-products are the most important sources of infections. In meat and poultry contamination percenta ges may run up to 70% or more (Tables II and III; Figure 4 ).
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Non-human Salmonella isolations in the United States, 1971
* Imported samples of those kinds of vegetables grown also in the Netherlands. 
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FIG. 5 Salmonella isolation from vegetables imported or grown in the Netherlands
If cooking is inadequate or even more important, if cross-contamination occurs from raw to cooked food, infections in man become prevalent. Also fish, sea-food and frog legs may be contaminated with Salmonella, as well as coconut products, chocolate, spices and vegetables ( Figure 5 ). The most recent source of infection is marijuana causing Salmonella outbreaks in the U.S.A.
Epidemiological studies have shown the following picture.
• Animals are infected by feeds, such as fish-, bone-and blood-meal, but also meals of vegetable origin. The animals become healthy carriers, which results in contamination of the environment and cross-contamination during -948 -mass-transport, mass-slaughtering, mass-processing, mass-distribution and mass-preparation, for instance in large kitchens of restaurants, cantines, cruiseships, hospitals, etc.
• Man, especially the younger, the elders and persons with reduced resis tance, become infected by such contaminated foods and shed especially during disease, but also for a long time after recovering great numbers of Salmonella into the sewage system. Salmonella reduction of influents, where sewage purification systems exist, is only 2 logs, whereas in many parts of the world sewage water is drained off untreated into rivers or other surface and coastal waters. Due to this environ mental contamination of water and soil, rodents, insects, birds, other animals and man may become infected and carry on this infection to feeds and water for fattening animals. Our own investigations on the former island of Walcheren support the theory of such infection cycles (Tables IV and V) . The appearance of the disease in man is closely related to eating habits and modes of preparation. In many parts of the world, meat is consumed raw or undercooked. On the other hand cross-contamination in the kitchen may play a far more important role, especially where large-scale food production is applied and where mishandling of food may occur. This is increasingly the case in the highly developed western world and seems to go together with the high incidence of Salmonella infections in man.
The Salmonella problem has also important economic aspects. In addition to unquantifiable costs of physical and emotional distress medical expenses are high. In the U.S.A. for instance these costs are with regard to food-poisoning in general, estimated at at least 480 million dollars a year.
Beside medical expenses, the effect on trade has been of great importance due to Salmonella contaminations. Several countries have closed their fron tiers regarding the import of food of animal origin, especially pork, while others have tightened their legislation in order to be able to condemn Salmonella contamined foods and feeds.
Only last year poultry consumption fell by 40% after one single television report on Salmonella contamination in one of the larger European countries and poultry industry and trade still suffer from this incident.
II. -PREVENTION
There are three lines of defence against food-borne infections in general and salmonellosis in particular.
• The first line of defence is to eradicate the infectious agent, e.g. Sal monella, in the food-producing animal. Since contaminated feeds have been of significant importance in causing disease and especially healthy carriers, much attention has been given in recent years to decontamination of feedstuffs. In this respect, hot pelleting with steam injection, irradiation at 7.5 kGy or at 3 kGy in combination with other treatments, i.e. pelleting or addition of 3-3.5% pro pionic acid have shown good results in reducing or even wholly eradicating Sal monella in feeds.
However, the use of Salmonella-free feeding stuffs is only part of the ans wer. Infection also spreads, as has been clearly shown by our experiments, from the environment, e.g. surface waters, soil, pests and wildlife.
Due to the build-up of infection cycles in many regions and due to the con tamination pressure in the environment, it would at present be very difficult to obtain a significant reduction of contamination within the coming decades. Although environmental contamination should be prevented and reduced where possible for instance by more reliable methods of sewage purification and sludge treatment, such as pasteurization, chemical disinfection and irradiation, it is not practicable in most countries to expect a significant reduction or eradica tion of Salmonella carriers in food animals in the foreseeable future. How ever, further research should be carried out and all efforts should be under taken to reduce the prevalence of Salmonella to levels, that can be determined by available resources and cost-benefit balance.
A great number of contamination problems are due to violation of simple rules of hygiene and can be overcome. Immunization against salmonellosis has shown to give protection against some specific types of infection in animals and may also be of value against the chronic carrier state.
• The second line of defence is the decontamination of raw foods.
Milk pasteurization is in this respect the best example of an effective pro cessing procedure in preventing human disease. In my country, where approx. 98% of raw milk is pasteurized no milk-borne infections have been observed after the Second World War, whereas in countries where consumption of raw milk is widely used human salmonellosis due to contaminated milk is still of importance. Unfortunately, heat treatment of red meats and poultry cannot be practically applied on a wide scale.
However, the use of ionizing radiation in eliminating Salmonella in raw foods, especially in poultry, is promising, but meets so far, although no evidence of any health hazard could be shown, resistance of consumers. Application of food irradiation on a wide scale and as a final solution in preventing Sal monella contamination is therefore not be to expected in the near future.
• The final and third line of defence is strict.observation of hygienic prin ciples at the points where food undergoes its final preparation.
Adequate cooling and heating of foods is still the most important and effec tive way in the prevention of nearly all food-borne infections and salmonel losis in particular.
For this purpose education, information and motivation of industrial and domestic food handlers and of the consumer is the only way to achieve consis tently strict maintenance of food hygiene. It is true, that by shifting the res ponsibility to the third line of defence, which means to all those preparing food and to the consumer, the inability of workers in the first line, namely veterina rians and workers in the second line, mainly specialists in the field of food pro cessing, becomes apparent. It is my opinion, that one should frankly admit this present failure, without resignation as far as the future is concerned.
Further research and concentrated efforts in the field of feed decontamina tion, sewage purification and sludge treatment, strict hygienic measures in animal quarters directed to the prevention of contamination from the environ ment, immunization of animals against salmonellosis and against the chronic carrier state, optimal hygienic procedures during transport to and in the slaugh terhouse and along the whole line of food processing are still challenges to the veterinary profession, probably within multi-disciplinary teams.
III. -HARMONIZATION OF SALMONELLA DETECTION METHODS
In obtaining data of the true incidence of salmonellosis in man and animals and in understanding the epidemiological picture optimal isolation and deter mination procedures are of paramount importance. It is well known that micro biological detection methods may differ from country to country and even from laboratory to laboratory within one country. In the case of Salmonella detec tion this was recognized already 15 years ago by a scientific working group of the Common Market Commission, which resulted in harmonization of Sal monella isolation procedures.
The results of this work can be shortly summarized as follows.
One of the nine European laboratories, which cooperated in the trial, pre pared artificially and naturally contaminated samples, which were sent to other departments within the same institution and to the other eight laboratories.
When artificially contaminated samples contained a large number of Sal monella all laboratories using their own method as well as a standardized method, were able to isolate Salmonella. When Salmonella were present only in low numbers and when at the same time a competitive flora was added, dif ferences between the laboratories were significant. The results of these experi-* No. of samples known to be contaminated in each experiment, i.e. artificially contaminated. Figure 6 . The results obtained clearly, indicated the marked differences of results in the participating laboratories. This was not only the case with artificially contaminated samples, but also with naturally contaminated minced meat samples as shown in Figure 7 . Information about the techniques of isolation in 6 of the participating laboratories showed the following picture (Table VI) . 
Salmonella isolations from artificially contaminated minced meat samples with and without preenrichment
In following years experiments were carried out in order to develop a stan dardized technique. In one of these experiments different enrichment media were tested. Results of these experiments are summarized in Figure 8 . Finally a standardized method was developed by the working group, which later was adopted by the International Standardization Organization (ISO), especially for the isolation of Salmonella from meat and meat products. This method has also been applied for other materials successfully, although special proce dures, with regard to pre-enrichment, temperature, etc., may be needed depen ding on the nature of the specific material.
At present, the working group tries to develop artificially contaminated stan dard samples (milkpowder), which could be distributed in future to various laboratories which want to evaluate the effectiveness of their isolation technique. * * * Appendix 51st GENERAL SESSION OF THE O.I.E.
RESOLUTION N° IV
SALMONELLOSIS AS A CAUSE OF FOOD INFECTION. HARMONISATION OF SALMONELLA DETECTION METHODS
CONSIDERING that salmonellosis as a cause of human food infection has in recent deca des been and still is an important public health hazard as well as an economic barrier, that from an epidemiological viewpoint there are three lines of defence, viz. eradication of the infectious agent in food-producing animals, processing of food in order to eliminate Salmonella (e.g. pasteurisation) and observation of hygienic principles at all points of food preparation, that any epidemiological data requires reliable detection of the causative agent, and the discussions and conclusions on this item, THE COMMITTEE RECOMMENDS 1. That all efforts should be directed at raising Salmonella-free animals, although immediate results may not be expected, due to existing infec tion cycles in the environment.
2. That modern processing methods, including food irradiation should be applied in order to eliminate Salmonella from some food, especially poultry and sea food.
3. That greater emphasis should be given to informing and educating con sumers and all those involved in handling and preparing foods, espe cially in view of the risks posed by certain foods. 
